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INVESTIGATION OF SLIP-RING ASSEMBLIES 
I .  INTRODUCTION 
T h i s  i s  the seventh qua r t e r ly  progress r e p o r t  on IITFtI 
P r o j e c t  E6000, " Inves t iga t ion  of Slip-Ring A s s e m b l i e s .  ' I  T h i s  
report summarizes t h e  a c t i v i t i e s  during the per iod  5 November 
1964 t o  5 February 1965 and i s  t h e  t h i r d  q u a r t e r l y  r epor t  on t h e  
twelve month cont inua t ion  authorized by Modification No. 4 of 
Contract  No. NAS8-5251. The ob jec t ives  of t h e  e a r l y  t a s k s  of 
t h i s  cont inua t ion  w e r e  t o  v e r i f y  t h e  v i b r a t i o n ,  t h re sho ld  and 
r e p e a t i b i l i t y  e f f e c t s  t h a t  w e r e  demonstrated during the  i n i t i a l  
program and t o  i d e n t i f y  t h e  wear deb r i s  t h a t  i s  obtained during 
run- in  of experimental and commercial capsules.  
t a s k s  of t h e  program a r e  being devoted t o  eva lua t ion  of sur face  
l u b r i c a t i o n ,  i n v e s t i g a t i o n  of precious metal hardeners f o r  gold 
p l a t i n g  b a t h s ,  and prepara t ions  fo r  t h e  study of vacuum opera- 
t i o n  of s l i p - r i n g  assemblies.  
The present  
During t h e  q u a r t e r l y  per iod reported h e r e i n ,  run-in tests 
w e r e  performed w i t h  experimental and commercial capsules  t o  
determine t h e  e f f e c t s  of sur face  l u b r i c a t i o n  by a heavy lay-  
er of P-38 syn the t i c  o i l .  Lubrication w i t h  a g raph i t e -o i l  
mixture was a l s o  evaluated.  I n  add i t ion ,  s p e c i a l  experimental 
capsules  were f a b r i c a t e d  t o  s i m u l a t e  t h e  cons t ruc t iona l  fea- 
t u r e s  of commercial assemblies and t o  achieve the  thermal 
i s o l a t i o n  t h a t  e x i s t s  between r i n g s  i n  an a c t u a l  assembly. 
Also d u r i n g  the per iod ,  t h e  e f f e c t s  of palladium a d d i t i o n s  t o  
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a gold  p l a t i n g  bath w e r e  eva lua ted ,  and a d r i v e  system for oper- 
a t i o n  i n  a vacuum chamber was designed. 
Table 1 describes t h e  run-in tests that w e r e  performed 
during t h i s  q u a r t e r l y  per iod ,  and Table 2 i s  a summary of  no i se  
measurements during t h e  run-in tests. 
TABLE 1 
Run-In T e s t s  - Uuarter lv  Period No.  7 
Capsule Function o f  T e s t  
2-40 Lubricat ion with graphi  t e - o i l  
Lubricat ion with P-38 synthe t  Commercial Capsule "A" 
2-42 E f f e c t s  of thermal i s o l a t i o n  
mixture 
c o i l  
1-43 Repeat of thermal i s o l a t i o n  e f f e c t s  
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TABLE 2 
Run-In Noise C h a r a c t e r i s t i c s  a t  25 m a .  
(db va lues  with re ference  t o  4 v  l e v e l )  
Capsule 2-40 with "Oildaq" 
80' aroove 90° uroove 
Peak t o  Peak RMS Noise Peak t o  Peak RMS Noise 
db noi  se-pv db noise-pv 
i n i t i a l  
a f t e r  132 hours 
a f t e r  338 hours 
i n i t i a l  
a f t e r  432 hours 
i n i t i a l  
a f t e r  130 hours  
a f t e r  163 hours  
i n i t i a l  
a f t e r  96 hours 
a f t e r  110 hours  
4000 
3000 
300 
~~ 
53 4000 56 
50 1000 39 
30 200 27 
Commercial Capsule "A" with P-38 o i l  
Peak t o  Peak RMS Noise 
noise-pv db 
40 
40 
10 
10 
Capsule 2-42 - Thermal I s o l a t i o n  
Peak t o  Peak RMS N o i s e  
noi  se-pv db 
60 1 3  
150 16 
- open - 
Capsule 1-43 - Repeat of Thermal I s o l a t i o n  
Peak t o  Peak RMS N o i s e  
noise-pv db 
80 17 
6000 50 
- open - 
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11. SURFACE LUBRICATION 
A. Lubr ica t ion  w i t h  Graphite-Oil Mixture 
The effects of surface l u b r i c a t i o n  wi th  a g raph i t e -o i l  
mixture w e r e  eva lua ted  w i t h  Capsule 2-40. I t  w a s  assembled w i t h  
a t h i n  coa t ing  of  "Oildag" on t h e  r i n g  and brush con tac t ing  sur-  
faces .  "Oildag" i s  the  tradename of a c o l l o i d a l  d i spe r s ion  of  
g r a p h i t e  i n  petroleum o i l  manufactured by t h e  Acheson Co l lo ids  
Company. 
p a r t i c u l a r l y  wi th  heavy cu r ren t s .  
ou t  f o r  338 hours  a t  200 rpm. 
t o  each p a i r  of grooves f o r  approximately one-half of t h e  t o t a l  
test  t i m e  w i t h  f requent  changes from the 90° p a i r  t o  t h e  80° 
p a i r .  
I t  i s  widely used a s  a l u b r i c a n t  f o r  s l i d i n g  contacts,  
The run-in test  was carried 
A cu r ren t  of  25 ma w a s  suppl ied  
As i n d i c a t e d  i n  Table 2 ,  t h e  i n i t i a l  no i se  l e v e l  of Cap- 
s u l e  2-40 was very high (4000 pv,  peak t o  peak) . 
run-in,  t he  f l u c t u a t i o n s  of noise  w e r e  q u i t e  pronounced and 
random, b u t  i n  g e n e r a l ,  the  noise  l e v e l  decreased wi th  f i n a l  
readings between 200 t o  300 pv, peak t o  peak. The rms no i se  
decreased from a n  i n i t i a l  53 t o  56 db t o  the  f i n a l  va lues  of 
27 and 30 db. 
the  80° and 90° grooves was observed. 
high n o i s e  l e v e l s ,  it was concluded t h a t  the g raph i t e -o i l  mix- 
t u r e  i s  not  a n  e f f e c t i v e  lub r i can t  f o r  t he  ma te r i a l  system 
p r e s e n t l y  used  i n  commercial capsules .  
During the 
N o  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  performance of 
Because of the r e l a t i v e l y  
B. Lubr ica t ion  of  Commercial Capsule w i t h  P-38 O i l  
To confirm t h a t  the  b e n e f i c i a l  effects of su r face  l u b r i c a t i o n  
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wi th  P-38 s y n t h e t i c  o i l  previously demonstrated with experimental 
capsules  a l so  apply t o  commercial 80 r i n g  capsules ,  a run-in 
t e s t  w a s  performed wi th  Commercial Capsule "A" a f t e r  i t s  con- 
t a c t i n g  su r faces  w e r e  coated with t h e - o i l .  N o  i nc rease  i n  no i se  
level above t h e  l o w  i n i t i a l  va lue  ;a's detected a f t e r  432 hours  a t  
200 r p m .  
revealed no d e b r i s  d e p o s i t s  and no mechanical damage t o  t h e  
r i n g s  and brushes. These r e s u l t s  were i n  direct  c o n t r a s t  wi th  
Disassembly of  t h e  commercial capsule  a f t e r  t h e  test  
t h e  run-in r e s u l t s  obtained wi th  an unlubr ica ted  commercial 
assembly. During t h e  run-in o f  Commercial Capsule "B'l (unlubri-  
cated) , noise  spikes of 200 pv peak t o  peak w e r e  evident  a f te r  
about 200 hours ,  and .no i se  l e v e l s  of 2000-30000 pv w e r e  measured 
when t h e  tes t  w a s  terminated a f t e r  310 hours. Excessive d e b r i s  
d e p o s i t s  and permanent damage t o  t h e  r i n g s  and brushes were 
observed when t h e  capsule  w a s  disassembled and inspected. 
The r e s u l t s  ob ta ined  w i t h  t h e  l u b r i c a t e d  commercial assem- 
b l y  were s imi la r  t o  those  obtained wi th  l u b r i c a t e d  experimental 
capsules .  
1-37 and 1-39 exh ib i t ed  uniformly l o w  noise  during run-in, and 
no w e a r  debris w a s  p resent  when t h e  capsules  w e r e  disassembled. 
As reported i n  t h e  previous q u a r t e r l y  report ,  Capsules 
111. THERMAL EFFECTS 
T h e  run-in tes t  of an unlubricated commercial capsule  
e s t a b l i s h e d  t h a t  t h e r e  w a s  a s i g n i f i c a n t  d i f f e rence  i n  t h e  w e a r  
c h a r a c t e r i s t i c s  of t h e  commercial and the experimental capsules .  
With t h e  commercial capsule ,  l a r g e  f l a k e s ,  chunks and granules  
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of gold w e r e  ob ta ined  a s  cont ras ted  t o  t h e  black, f i n e l y  d is -  
persed d e p s i t  ob ta ined  with unlubr ica ted  experimental  capsules .  
Microscope in spec t ion  o f  t h e  commercial capsule  i n d i c a t e d  t h a t  
severe  g a l l i n g  and eros ion  had occurred i n  t h e  grooves,  apparent- 
l y  due t o  s e i z i n g  between t h e  r i n g  and brush. T h i s  was a l s o  
apparent ly  r e spons ib l e  f o r  t h e  f a t i g u e  and subsequent f r a c t u r e  
of  one brush wiper a t  t h e  poin t  a t  which it was welded t o  i t s  
junc t ion  block. 
The s e i z i n g  between r i n g  and  brush i n  a commercial capsule  
i s  be l ieved  t o  be a consequence of t h e  high temperatures  t h a t  
1 a r e  developed a t  t h e  contac t  i n t e r f a c e .  I n  t h e  commercial cap- 
s u l e  wi th  t h e  r i n g s  imbedded i n  the  p l a s t i c  r o t o r ,  each r i n g  i s  
thermal ly  i s o l a t e d ,  and heat  generated a t  t h e  con tac t  su r f ace  
cannot be d i s s i p a t e d  quickly.  I n  t h e  experimental  capsule  on t h e  
o t h e r  hand, t h e  common brass cy l inde r  upon which t h e  r i n g s  a r e  
I 
p l a t e d  a c t s  a s  a hea t  s ink  and permits  r ap id  conduction of t h e  
hea t  from t h e  contact surface.  
To v e r i f y  t h a t  the  severe g a l l i n g  and e ros ion  wear e f f e c t s  
are  thermal i n  o r i g i n ,  Capsule 2-42 was assembled t o  s imulate  t he  
thermal i s o l a t i o n  t h a t  exists between r i n g s  i n  a commercial 
assembly. I n  t h i s  s p e c i a l  capsule ,  two independent gold r i n g s  
w e r e  p ressed  onto a t e f l o n  r o t o r .  The r i n g s  w e r e  in te rconnec ted  
a t  on ly  one po in t  by a s i n g l e  2 m i l  gold w i r e  t o  avoid good hea t  
conduction p a t h s  between the  r i n g s  w h i l e  s t i l l  pe rmi t t i ng  c u r r e n t  
f low and no i se  measurement. A s  i nd ica t ed  i n  Table 2 ,  Capsule 2-42 
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exhibited increased  noise  a f t e r  130 hours  of run-in a t  200 rpm, 
and an open c i r c u i t  developed a t  approximately 163 hours. D i s -  
assembly of  t h e  capsule  revealed t h a t  one brush and r i n g  had 
s e i z e d ,  causing t h e  r i n g  t o  r o t a t e  on t h e  t e f l o n  r o t o r  and t o  
shea r  o f f  t h e  2 m i l  go ld  w i r e  in te rconnec t ion  between r ings .  
l a r g e  amount of  wear d e b r i s  w a s  a l s o  present .  
A 
The same experiment was repeated wi th  Capsule 1-43, except 
t h a t  t h i s  assembly contained f o u r  independent r i n g s  connected 
i n t o  p a i r s  by sepa ra t e  gold w i r e s ,  
very h igh  noise  a f t e r  about 90 hours of  run-in a t  200 rpm, and 
open c i r c u i t s  developed i n  both p a i r s  a t  about 96 and 110 hours,  
In spec t ion  of t h e  disassembled capsule  again revea led  t h a t  the  
in te rconnec t ing  w i r e s  w e r e  sheared o f f  by r o t a t i o n  of t h e  r i n g s  
r e l a t i v e  t o  t h e  rotor ,  apparent ly  because of high f r i c t i o n  o r  
s e i z i n g  between brushes and r ings .  An extremely l a r g e  amount 
of  b lack  wear d e b r i s  w a s  found o n  t h e  l ands  and i n  t h e  grooves 
of t h e  r ings .  
Both p a i r s  of r i n g s  exh ib i t ed  
Experience wi th  Capsules 2-42 and 1-43 i n d i c a t e s  q u i t e  
p o s i t i v e l y  t h a t  high f r i c t i o n  and/or s e i z i n g  condi t ions  are 
developed r a p i d l y  i n  t h e  i s o l a t e d  r i n g  conf igu ra t ions ,  
between brushes and r i n g s  i s  probably a consequence of cumula- 
t i v e  increases i n  temperature caused by t h e  i n t e r - r e l a t e d  e f f e c t s  
o f  f r i c t i o n  and hea t  generat ion.  
a d d i t i o n a l  experiment i n  which an experimental  capsule  contain-  
i n g  i s o l a t e d  r i n g s  w i l l  be l u b r i c a t e d  w i t h  P-38 o i l  and subjec ted  
t o  a 200 rpm run-in tes t .  
Se iz ing  
I t  i s  planned t o  perform an 
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I V .  PRECIOUS METAL HARDENERS 
The effects of rhodium a d d i t i o n s  t o  gold p l a t i n g  ba ths  
w e r e  reported i n  Q u a r t e r l y  R e p o r t  N o .  6. During t h i s  q u a r t e r l y  
r e p o r t i n g  period, palladium modified baths w e r e  eva lua ted ,  and 
samples for  study of platinum add i t ions  w e r e  prepared. 
Massive e l e c t r o d e p o s i t s  w e r e  prepared f o r  go ld  b a t h  form- 
u l a t i o n s  conta in ing  palladium/gold ion  r a t i o s  of  0.0000, 0.0001, 
0.001, and 0.01. 
of 5 amperes pe r  square foo t  and  a t  a bath temperature of about 
55OC. 
P l a t i n g  w a s  c a r r i e d  ou t  a t  a c u r r e n t  dens i ty  
The specimens were r o t a t e d  a t  about 400 rpm during p l a t i n g .  
Microhardness measurements were made on t h e  deposits using 
s tandard  metal lographic  mounting and po l i sh ing  techniques i n  
conjunct ion wi th  a Erns t  L e i t z  Duromet microhardness device.  
Hardness va lues  were taken a t  four  p o i n t s  (90' p o s i t i o n s )  around 
t h e  circumference of t h e  specimen a t  about t h e  c e n t e r  of t h e  
1 6  m i l  t h i c k  depos i t .  The experimental r e s u l t s  a r e  presented 
i n  Table 3 .  The r e s u l t s  i n d i c a t e  t h a t  t h e r e  is no s i g n i f i c a n t  
change i n  hardness wi th  t h e  add i t ion  of palladium up t o  a con- 
c e n t r a t i o n  of  0.01. T h i s  i s  i n  c o n t r a s t  t o  the genera l  decrease 
i n  hardness  t h a t  w a s  e f f e c t e d  by a d d i t i o n s  of  rhodium. 
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TABLE 3 
Microhardness Data on Au-Pd 
* 
Pd/Au vml 5g Ion  R a t i o  
Rinq No. i n  Bath O 0  goo 180' 270' 
48 0.0000 70.2 63.7 71.0 61.3 
49 0.0001 73.2 74.7 67.5 64.9 
50 0.001 
51 0.01 
64.3 67.5 68.2 64.9 
69.5 64.3 70.7 79.5 
~~~ 
* V i c k e r s  Hardness Number, 1 5  gram indentor  load.  
V. VACUUM OPERATION O F  SLIP-RING ASSEMBLIES 
P repa ra t ions  have been made f o r  evalua t ion  of  s l i p - r i n g  
A s epa ra t e  d r i v e  system performance i n  a vacuum environment. 
i nco rpora t ing  a magnetic coupler  i s  being f a b r i c a t e d  t o  permit 
run-in t e s t i n g  wi th in  a vacuum chamber. A s  p r e s e n t l y  planned, 
t e s t i n g  of basic s l i p - r i n g  c h a r a c t e r i s t i c s  w i l l  cont inue w i t h  
t h e  e x i s t i n g  d r i v e  assembly, and t h e  present  ins t rumenta t ion  
w i l l  be used w i t h  bo th  experimental set-ups. 
V I .  SUMMARY 
Run-in t es t s  of  experimental capsules  have demonstrated 
t h a t  d e s t r u c t i v e  g a l l i n g  and eros ion  effects occur  pr imar i ly  i n  
un lub r i ca t ed  systems which permit high l o c a l i z e d  temperatures.  
A l l  un lubr ica ted  capsules  containing i s o l a t e d  r i n g s  have exhi- 
bited severe s e i z i n g  o r  high f r i c t i o n  effects l ead ing  t o  perma- 
nent  damage of  t h e  r i n g s  and brushes. 
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Surface l u b r i c a t i o n  w i t h  P-38 o i l  has  been found t o  be 
e f f e c t i v e  w i t h  both experimental and commercial capsules  i n  
minimizing wear and  maintaining l o w  n o i s e  l e v e l s .  Wear and 
n o i s e  have been found t o  be c l o s e l y  i n t e r - r e l a t e d ,  and h igh  
no i se  l e v e l s  during run-in are t y p i c a l l y  i n d i c a t i v e  of  poor 
wear characterist ics.  
E lec t rodepos i t s  from rhodium and palladium modified gold 
b a t h s  have not  exh ib i t ed  any s i g n i f i c a n t  i n c r e a s e  i n  p l a t e  
hardness.  
t a ined .  
I n  t he  case  of rhodium, an actual decrease  was ob- 
V I I ,  FUTURE ACTIVITIES 
During t h e  next  q u a r t e r l y  per iod of  t h i s  program, t he  
f o l l o w i n g  a c t i v i t i e s  w i l l  be performed: 
A. Addi t ional  s t u d i e s  of  b a s i c  s l i p - r i n g  charac te r -  
i s t ics  w i l l  be conducted with t he  d r i v e  appara- 
t u s  developed during the i n i t i a l  program. 
B. Fabr i ca t ion  of a d r i v e  appara tus  for  vacuum 
t e s t i n g  w i l l  be completed, and experiments 
w i l l  be i n i t i a t e d .  
C .  The study of prec ious  metal hardening agen t s  
w i l l  be completed and a l l  experimental da ta  
w i l l  be summarized. 
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